Abstract: We have studied the base-catalyzed cyclization of acylmethyl ethers of 7-hydroxycoumarins which proceeds via lactone ring opening and yields psoralen derivatives. Corresponding cinnamic acid derivatives have been isolated The cyclization is a highly regioselective reaction, producing only linear furocoumarins. According to MNDO calculations, the anionic σ-complex formed due to acylmethyl attack to the C-6 position of the coumarin turns out to be more stable than that to the C-8 position. A series of new psoralens with phenyl group in the lactone and (or) in the furan ring have been synthesized and characterized by NMR and mass spectra.
Introduction
Cyclization of the acylmethyl ethers of 7-hydroxycoumarins 1 in the presence of a base has been found to be one of the most convenient routes to psoralen derivatives 2 (4) which are important compounds because of their photo chemical and photo biological activity (1) (2) (3) .
We used a base-catalyzed cyclization of 1 to synthesize psoralen derivatives 2, which have a phenyl group as substituent in the lactone and (or) in the furan ring. These psoralen derivatives seem to be prospective substrates in search of new photochemotherapeutic agents.
We now report new results that deal with the mechanism of this reaction. Some intermediates of the reaction were isolated. Regioselectivity of the base-catalyzed cyclization of 1 was studied by the MNDO calculations of relative stability of the corresponding intermediate anionic σ-complexes.
Results and Discussion
Coumarins 1 were synthesized from corresponding 7-hydroxycoumarins and bromomethyl ketones. Psoralens 2 were prepared by base-catalyzed cyclization of coumarins l(Scheme 1). Yields, melting points and spectral characteristics of ethers 1 and psoralens 2 are listed in Experimental section. The mechanism of the base-catalyzed cyclization of 1 has not been previously studied ( tca^ xoQf-
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Heterocyclic Communications
Nucleophilicity of the C-6 carbon atom of the benzene ring is increased to a large extent by the phenoxide oxygen atom that appears with lactone ring opening.
To prove the pyrone ring opening step we conducted cyclization of la according to the standard procedure (Experimental section), but before the acidification dimethylsulfate was added to the reaction mixture, and cis-5a and trans-5a were isolated in ratio 9:1.
We tried to apply the base catalyzed cyclization for acylmethyl ethers of 6-hydroxycoumarin. Benzoylmethyl ether of 6-hydroxy-4-methylcoumarin 6 does not undergo the cyclization under standard conditions. This fact is in accordance with the proposed mechanism.
Cyclization of the acylmethyl ethers of 7-hydroxycoumarins X also occurs with potassium carbonate catalysis in alcohols under refluxing. The final reaction mixture is easier to separate, the reaction volume is 10-12 times lower than in the standard procedure, and only a small amount of potassium carbonate and phosphoric acid is required.
According to our results and the literature data (2, 5) 5, 6-H); 7.38-7.68 (m, 9H, aryl-H and 5-H); 7.73 (s, 1H, 4-H); 7.95-8.00 (m, 2H, aryl-H) 6.89 (dd, 1H, J 6 ,5=8.7, J 6) g=2. 5, 6-H); 7.41-7.49 (m, 4H, aryl-H and 5-H); 7.66-7.71 (m, 2H, aryl-H);7.76 (s, 1H, 4-H) ; MS: calcd for CigHi 4 0 4 -294, found-294 Cis-and trans -3-(6'-hydroxy-3'-phenylbenzo[d] fur-5'-yl)propenoic acid methyl ester, cis-5a and trans-Sa-A solution of la (0.32g, 1.14 mmol) in ethanol (10 mL) was added to the hot aqueous 1M NaOH solution (120 mL). The reaction mixture was refluxed for 5 hrs under argon, then cooled to 35°C and shook with 5 mL of dimethylsulfate for 2.5 hrs. Then the reaction mixture was acidified with 10% aqueous solution of H3PO4 and extracted with diethyl ether. The ether extract was dried and ether evaporated. The solid products were separated by column chromatography (silica gel 100/250, eluent -chloroform-ethyl acetate in ratio 10:1 
Conclusions
The base-catalyzed cyclization of the acylmethyl ethers of 7-hydroxycoumarins to psoralen occurs as a regioselective reaction via lactone ring opening.
